of viral infection and wrapping in excess of 10 togs produced an odds ratio of SUD of 51-5 (95% CI 5.64 to 471-48) compared with wrapping of less than 6 togs.
Viral infection was not a major risk factor as long as babies were lightly wrapped. In heavily wrapped babies the presence ofa viral infection greatly increased the risk of SUD.
sleeping, to precipitate SUD in some babies. [12] [13] [14] [15] In order to assess the role of infection in SUD we have investigated the incidence of infection in SUD victims and matched controls from the same community. Secondly, we have established criteria for a classification of postmortem findings to reflect contribution of infection to death. Lastly, we have investigated the combined presence of infection and heavy wrapping on the risk of SUD.
Methods Important features of the study design were that: all SUD victims within a defined geographical area were investigated, specimens were collected and parents were interviewed as soon as possible after discovery of death, and live control babies were matched for age, neighbourhood, and time of year. 12 INDEX 
BABIES
From May 1987 until the end of April 1989, all babies between the age of 1 week and 2 years who died suddenly and unexpectedly within Avon and north Somerset were eligible for inclusion in the study.
urthermore, pathologists vary considerably in their interpretation of postmortem findings.9 10 Lack of control babies for postmortem examination of a similar age who die from accidents has made it difficult to establish a consistent classification of those findings which explain death, contribute to death, or are non-contributory.
Although minor respiratory tract infections are the most common finding in SUD victims, there has been no association between SUD and any one particular organism.1-8 Consequently, if infection is associated with SUD, the mechanism may be related to factors common to infection in general, such as an increase in metabolic rate and body temperature or to effects on airway patency." It is possible that infection interacts with other environmental or physiological factors known to be associated with SUD, such as heavy wrapping or prone Collection of specimens An initial set of specimens was taken within a median time of 3-5 hours Socioeconomic classification (Registrar General's classification group I-V) was similar in both index and control groups, but there was an excess of unemployed parents in the index group: odds ratio 3-3, 95% CI: 1-6 to 7-0 (p<OO1).
Sixty out of 95 of the SUD victims (63%) died during the six month period from October to March, the peak incidence being in March. There was no relationship between age at death and season; 24/35 (69%) of SUD victims less than 70 days died during the six winter months, compared with 36/60 of those over 70 days old.
MICROBIOLOGY RESULTS BASED ON COMPARISON OF SUD VICTIMS AND CONTROLS
Comparison of microbiological results was based on similar specimens taken from the upper respiratory and gastrointestinal tracts. In addition to throat swabs and stool specimens, nasopharyngeal aspirates and specimens of intestinal mucosa were taken from index babies.
Viruses
Results of viruses detected are shown in table 2. Excluding those babies from whom no stool specimens were obtained, the odds ratio for sudden death associated with non-polio virus detection was 1-96 (95% CI: 0-9 to 4-5, p>0.05). Types of viruses identified in both groups were predominantly adenoviruses and enteroviruses. In both the index and control groups, 85% (13/15) of the virus positive babies were over 70 days old. Of the virus infected SUD victims, 7/15 were girls as were 10/15 of the virus infected controls (p>0 05). 
Bacteria
The prevalence of potential bacterial pathogens in the upper respiratory tract in the SUD victims and control babies is shown in table 3. There was no association between isolation of these organisms and sampling time: median time from discovery of death for pathogen positive babies was 3-87 hours (range 1 5-45-7) and for pathogen negative babies 3-2 (range 0-25-30) (difference 0-67, 95% CI: -0-28 to 1-55; p>0-05).
Faeces from 1/90 index and 1/164 control babies were positive for cytotoxin which was not neutralised by antisera to C difficile : one control baby was culture positive for Escherichia coli 074.H28 and the verocytotoxin gene 2 (VT2) probe. One index baby was positive for The median tog values for all virus infected babies were 11-0 (range 9 1-14-7) for index babies (n=10) and 5-6 (range 5-5-10 7) for controls (n=8); difference 4-9 togs (range 3-3-5-6, p=0-0016). There was no significant difference between the median tog values for all virus negative index babies, median tog 8-8 (range 0-8-18-4; n=58) and control babies, median tog 8-0 (range 1-9-16-5; n=128). Among babies over 70 days old, the difference in tog values between infected index (n=9) and control babies (n=7) was 4 8 togs (range 2-8-5-5, p=0 004) and for non-infected index (n=32) and control babies (n=75) 1-8 togs (range 0-5-3-3, p=0-014).
A similar relationship was found between isolation of potential bacterial pathogens and tog values. Twenty index and nine control babies over 70 days old had bacterial pathogens isolated in significant quantities from the upper respiratory tract; none of these babies had viruses identified in the upper respiratory tract. The median tog values for the bacterial pathogen positive babies were: SUD victims 11 1 togs, controls 5-6, difference 5 5 togs (95% CI: 2-0 to 7-9, p<0-01). For the babies with no bacterial pathogens isolated, the median tog values were: SUD victims 10-3 togs, controls 8-0 togs, difference=2-3 togs (95% CI: 0-1 to 2-8, p<005).
Analysis using a matched multiple logistic regression analysis for babies over 70 days old showed that there was a trend for virus infection to be associated with an increased risk of SUD: odds ratio=2-8 (95% CI: 0-98 to 7-9; p>0 05). When account was taken of the tog distribution, both virus infection (odds ratio 3-7, 95% CI: 1-03 to and clothing and bedding in excess of 10 togs compared with less than 6 togs (odds ratio 13-7, 95% CI: 3-2 to 60 6) were significant, independent risk factors with no statistical interaction between them (x2=1-98); the relative risk for 6-10 togs was 3-9 (95% CI: 0-99 to 15-2; p>0 05). The relative risk associated with the combined presence of more than 10 togs of clothing and bedding and a viral infection compared with less than 6 togs and no viral infection was 51-55 (95% CI: 5-6 to 471).
SIGNS OF ILLNESS
In both the index and control groups over 70 days old, there was no significant difference in tog values between babies with major signs of illness during the previous 24 hours (10/41 index and 6/82 controls) and those without (difference in togs for SUD victims=0-6 and for controls=0-05; p>005).
Major signs of illness during the previous week were more common among virus positive (10/15) than virus negative (24/80) SUD victims (X2=7-3, p<0-01) but no such association could be demonstrated for the control babies.
We were unable to demonstrate the effect of the combination of prone position and viral infection as the number of infected babies was small and such a high proportion of the SUD victims (63/68) slept prone. Discussion There were two distinct age groups within the SUD population, infection being much more common in index and control babies over 70 days of age. In this older age group, the combination of viral infection and clothing and bedding in excess of 10 togs was associated with a significantly increased risk of death.
Based on limited sampling from the upper respiratory and gastrointestinal tracts we did not show any significant excess of virus infection in the index group (16%) compared with live control babies matched for age, time, and neighbourhood (8%). The trend for viruses to be identified more commonly in the index group may have reached significance given a larger population. However, one important source of error was the fact that nasopharyngeal aspirates and intestinal mucosa specimens were analysed only in the index group. This is likely to have favoured more frequent identification of viruses in the index babies. Although virus infection did reach significance when the distribution of tog values was taken into account using a multiple logistic regression model, these borderline results indicate that viral infection alone can not be considered to be a major risk factor for SUD. Bacterial pathogens were isolated more often from the upper respiratory tract of babies who died but there was no association between viral presence and isolation of bacterial pathogens at the same site. We are uncertain as to the significance of bacterial isolates at postmortem examination. Correlation with histological change is poor and it is possible that changes in bacterial flora occur as a result of, rather than before terminal asphyxia and death. It is of note that we were unable to confirm the association found by Bettelheim Infection increases metabolic rate and can increase body temperature. The ability to lose heat in the presence of infection may therefore become critical in heavily wrapped babies. As 40% of total oxygen consumption in young infants is in the brain, the head is both a major site of heat production and the main effector organ for heat loss.2`30 Thus interference with heat loss from the head (for example by covers rising over it) could lead to temperature change in the brain without necessarily causing a corresponding rise in core body temperature. The consequences of such a rise in brain temperature are not known, but heat stress can lead to prolonged apnoea in both preterm3' and term infants.32 Of our SUD victims, 23 wore a hat or were found with their head covered. Although no control babies wore hats, we have no data on how many had their heads covered by bedding at some time during the night.
Sudden unexpected infant death is undoubtedly caused by a variety of factors. In this and in a previous report'2 we have shown that prone sleeping, heavy wrapping, the combination of prone sleeping and heavy wrapping, and the combination of viral infection and heavy wrapping are strongly associated with SUD. All three factors can cause thermal stress but their association with SUD is age related. 12 The fact that infection and heavy wrapping are associated with death only in babies over 70 days old may indicate that these babies are physiologically less vulnerable and require more risk factors to precipitate death. Alternatively, older babies with their thicker subcutaneous layer of fat and higher ratio of metabolic rate to surface area33 34 may be more susceptible to thermal stress than younger babies for whom other mechanisms may be important.
Our case-control analysis was based on a small minority of babies with viral infection. Yet our postmortem classification showed that 37/95 (38%) SUD victims had evidence of recent infection which may have contributed to death. We speculate that the combination of infection and other environmental factors that cause thermal stress may contribute to death in over a third of SUD victims.
In babies over 70 days of age, the presence of a viral infection further increases the risk of death associated with heavy wrapping. The presence of a virus infection in the absence of heavy wrapping is not a major risk factor for sudden unexpected death.
We recommend that parents should pay particular attention to thermal care and avoid heavy wrapping, particularly if their baby has evidence of an infection. Avoidance of heat stress may be easier for babies nursed on their back or side.'2 Parents should still be made aware of the need to avoid cold stress particularly as our results raise the possibility that lightly wrapped babies may be more likely to contract viral infections.
Further investigation is needed to ascertain appropriate clothing and bedding at different environmental temperatures and to define the effects of infections on metabolic rate and heat production in infancy.
